Cytomegalovirus (CMV) disease in liver transplant patients with donor-seronegative and recipient-seronegative (D-/R-) status is a rarity. Ganciclovir-resistant CMV disease in this population has not been reported in the literature. We present a 62-year-old man who underwent orthotopic liver transplant from a cadaveric donor. The patient's status was CMV D-/R-, and he had completed 90 days of valganciclovir therapy for CMV prophylaxis, yet he developed CMV disease. We highlight the danger of the liberal use of CMV prophylaxis in this subset of the liver transplant population. To our knowledge, this is the first report of ganciclovir-resistant (GanR) CMV disease in a liver transplant patient with CMV D-/R-status.
INTRODUCTION
Human cytomegalovirus (CMV) infection is usually asymptomatic in immunocompetent hosts, but it can cause severe disease in immunocompromised transplant patients and patients with acquired immunodeficiency syndrome (AIDS). 1 CMV infection has been associated with an increased predisposition to acute or chronic rejection, graft fibrosis, and shorter duration of graft survival. 2 Ganciclovir and valganciclovir are primarily used as prophylaxis in the transplant setting. Some of the initial manifestations of CMV infection include interstitial pneumonia, hepatitis, Guillain-Barre syndrome, meningoencephalitis, and myocarditis.
1 It is very rare for a transplant patient with donor-seronegative and recipient-seronegative (CMV D-/R-) status to acquire CMV infection, let alone for someone in this population to acquire ganciclovir-resistant (GanR) CMV infection.
CASE REPORT
A 62-year-old man presented for liver transplant evaluation. His medical history was notable for liver cirrhosis secondary to chronic hepatitis C with complications of slight ascites and grade-2 esophageal varices status post banding. The patient underwent an orthotopic liver transplant from a cadaveric donor, and he was given a donorseronegative and recipient-seronegative (CMV D-/R-) status. Immediate post-transplant immunosuppression was achieved with tacrolimus, mycophenolate, and prednisone therapy. Valganciclovir therapy for CMV prophylaxis was completed 90 days after transplant.
The patient presented 4 months after transplant with acute, non-bloody diarrhea. He reported a history of multiple watery stools every day in the past week. He had presented about 2 weeks after transplant with a similar complaint, and the mycophenolate dose was decreased at that time. On this recurrent presentation, he denied any history of fever or chills, abdominal pain, hematochezia. A digital rectal exam revealed non-thrombosed external hemorrhoids. Labs showed a white blood cell count 9.3 Â 10 9 / L, baseline hemoglobin 11.1 g/dL, potassium 4.4 mmol/L, and a significant rise in creatinine from 0.91 to 2.8 mg/dL. Other significant labs were aspartate aminotransferase 311 U/L, alanine aminotransferase 521 U/L, alkaline phosphatase 290 U/L, and total bilirubin 0.4 mg/dL. The patient tested negative for Clostridum difficile infection. CMV/DNA quantitative pattern returned positive at 14,900 IU/mL. Flexible sigmoidoscopy performed after appropriate fluid resuscitation showed erythematous mucosa in the sigmoid colon and no ulcers ( Figure  1 ). Biopsies of the sigmoid colonic mucosa were obtained for histopathologic analysis. Results revealed a few fragments that demonstrated an increase in inflammatory cells within the lamina propria, minimal neutrophilic inflammation, apoptotic debris, and occasional viral inclusions within endothelial and fibroblast cells in the lamina propria. Immunohistochemical stain for CMV returned positive ( Figure 2 ). These findings correlated with a diagnosis of CMV colitis. Liver biopsy, performed because of elevated transaminases in the setting of CMV infection, revealed mild portal inflammation, which was deemed indeterminate for rejection. Immunohistochemical stain on the liver biopsy for CMV returned negative. The patient was treated with supportive care and also started on intravenous ganciclovir for 2 weeks followed by 4 weeks of valgancyclovir for a total of 6 weeks of therapy.
The patient was seen after initiation of therapy plan. Genotype studies showed mutations in CMV UL 97 and resistance to ganciclovir, indicative of infection with GanR CMV. The valganciclovir was discontinued at that time, and the patient was started on intravenous foscarnet. Repeat follow-up after 2 weeks returned a CMV PCR-negative status with normalization of liver enzymes. The patient reported resolution of diarrhea.
DISCUSSION
CMV is a pervasive double-stranded DNA virus that infects 60-100% of humans with primary CMV infection, commonly in the early years of life. 3 It is the most common viral infection that affects liver transplant recipients. Liver transplant recipients with donor-seropositive and recipient-seronegative (Dþ/R-) status are at an increased risk of primary CMV infection. 4 In the absence of antiviral prophylaxis, CMV infection in liver transplant recipients typically occurs during the first 3 months after the transplant. 2 This can be tragic because it increases allograft rejection and thus the mortality rate in the transplant population. 2, 5 The incidence varies, depending on the CMV serologic status of the donor and recipient. The highest incidence is reported as 44-65% in the CMV Dþ/Rpopulation, and the lowest incidence reported is 1-2% in the CMV D-/R-population. 4, 6 The 1-2% of the CMV D-/R-transplant population develops CMV disease either through natural transmission or blood transfusion. 4 These patients are postulated to have the lowest risk of CMV infection, and routine use of prophylaxis is not generally recommended. 4, 7 However protocols for CMV prophylaxis, including the choice of drug and duration, varies across transplant centers. 8 Our patient completed 3 months of oral valganciclovir dosed at 900 mg once daily for CMV prophylaxis. He presented after completion of therapy with a clinical manifestation of CMV infection, indicated by evidence of CMV colitis in the setting of CMV viremia on the sigmoid colonic biopsy. The likelihood of this transplant patient with a CMV D-/R-status acquiring CMV disease after prophylaxis was considered to be very minimal. GanR CMV is an emerging entity now encountered in solidorgan transplant recipients, although less commonly in liver transplant recipients. 9 Risk factors associated with the development of GanR CMV include a CMV Dþ/R-status, history of prolonged exposure to ganciclovir (>6 weeks), potent immunosuppression (especially patients exposed to anti-thymocyte globulin or daclizumab), suboptimal ganciclovir levels, and high viral load. 9, 10 The development of GanR CMV has been postulated to be a multi-hit disease model involving some or all of these factors. 10 The extent of contribution of each of these factors is unknown. The continuous levels of CMV replication in the setting of suboptimal levels of the antiviral agent, especially in the absence of a CMV-specific immune function, can lead to development of resistance in the CMV Dþ/R-population. 11 The mechanism of resistance in the D-/R-population is unclear. The only likely risk factor for the development of GanR CMV in the patient encountered in this case is the prolonged exposure to ganciclovir. This is because universal prophylaxis in this population is not generally recommended. Effective CMV prevention methods that minimize or avoid forms of ganciclovir exposure in this population would likely lead to lower rates of resistance. Therefore, to decrease the risk of GanR CMV, an approach in the CMV D-/R-population would be to withhold CMV prophylaxis unless otherwise indicated on a case-by-case basis. This is reflected in the updated international consensus guidelines on the management of CMV in solid-organ transplantation. 7 We have thus used this case as a teaching point to review our practice with regard to CMV prophylaxis in this population.
Another plausible mechanism of resistance in this patient is the possibility of a false-negative donor graft. 12 Nam et al. highlights how testing in the "serologic window" timeframe prior to the development of antibodies to an infection could yield a false negative result. 12 Donors in this time period could transmit infection to the recipients despite a negative serologic test. Our patient's donor could possibly have been infected with CMV previously without developing antibodies, thus being in this window. The prolonged exposure to ganciclovir in the post-transplant period could explain the subsequent development of GanR CMV disease.
Several cases of GanR CMV has been reported in the CMV Dþ/R-population, with a reported incidence of 0.4% in liver transplant recipients in a recent retrospective case-control study involving solid-organ recipients. 10 To our knowledge, there had been no previous documentation of a case of GanR CMV in the CMV D-/R-liver transplant population. Ours is the first documented case of GanR CMV in this population. It is important to note that prophylaxis has been shown to be a more effective strategy than preemptive therapy in preventing CMV disease. 8, 13 This report, however, should alert gastroenterologists about the danger of the liberal use of CMV prophylaxis in the CMV D-/R-liver transplant population, with a need for evidence-based guidelines on prophylaxis based on other risk factors.
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